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1. Primary objectives of the project 


The overall goal of this project was to validate and refine ocean color algorithms at high 
latitudes in the north polar region of the Atlantic. The specific objectives were defined as 
follows: (i) to identify and quantify errors in the satellite-derived water-leaving radiances and 

chlorophyll concentration; (ii) to develop understanding of these errors; and (iii) to improve tn- 

water ocean color algorithms for retrieving chlorophyll concentration in the investigated region. 


2. Summary of completed tasks 

During the course of this project we completed the following tasks: 

(i) We made optical and ancillary measurements on the three Arctic cruises in 1998, 1999, and 
2000, in collaboration with Polish Academy of Sciences. 

(ii) We performed analysis of collected in situ data, satellite-derived ocean color data products 
and in-water chlorophyll algorithms. We derived a regional ocean color algorithm for improve 
retrieval of chlorophyll concentration in the investigated polar waters. The optical data collected 
on the cruises were submitted to the SeaWiFS Bio-optical Archive and Storage System 
(SeaBASS). 

(iii) We developed inverse optical models for estimating absorption and backscattenng 
coefficients of seawater from radiometric measurements, and we also examined the dependence 
of whitecap coverage on wind speed and the effects of submerged bubble clouds on ocean 

reflectance in the investigated region. 

(iv) We presented our results at several conferences and completed several publications that are 
listed below'. 


3. Field measurements 

The investigated region includes subarctic and arctic waters of the north polar Atlantic 
between 70 and 80<-N within the meridional zone between 1 and 20°E. This study area includes 
waters of the Norwegian Sea, confluence zone of the Norwegian Sea and Barents Sea, West 
Spitsbergen Current, and Greenland Sea. Measurements were made on three cruses of R/V 

Oceania operated by Polish Academy of Sciences: 

(i) cruise 1: June 21 - July 16, 1998; (ii) cruise 2: June 22 - August 5, 1999 ; and (m) cruise . 
June22 - July 20, 2000. 
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In situ optical measurements were made down to a depth of 100 ^0C > m m clo V ^ 
(location and time) to water samples collected from drscrete depths. We 

sensor packages. ?pMR Satlantic) for measuring downwelling 

:::::: “r - «— - - — * ° cea - co,or 

sensors (for example, in the UVregionf vcrtical profi |es of physical properties 

<«> ?*** iMD l f ° l™ ' f„ cludes SeaBird Sealogger 25 (SB25) 

and inherent optical properties of seawat . y e wavelength (488 and 660 nm) 

with temperature, conductivity, and pressure sensors, ™ AR se „ sor 

beam transmissometers (We.Labs), chlorophyll fluorometer (W.L^s),^ ^ ^ 

backscattering at six wavelengths and two this system. 

absorption “ ef « den ‘^ ]“ e^LTereTaken to measure partreula.e absorption from 350 to 
Water samples from - J h bench . top doub ,e-beam spectrophotometer 

750 nm by means of filter pad teenmq wer£ made in both the 

I—:-::— 

de^fnaxion of panicu.ate a bS onpt io n. 
Samples for the analysis of chlorophyll-a were also coll bio-optical team 

Digital pictures of sea surface were taken for the analysts of whr.ecap * 

4. Data processing and analysis 

Data processing including data quality control and conversion are 

completed The pigment determinations and «-»«»» ° ~ " -leaving 
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retrieval from reflectance measurements in the investigated region. The optical 
cruises were submitted to the SeaWiFS Bio-optica, Archtve and Storage System SeaBAS . We 
also analyzed acoustic measurements of submerged bubble clouds and we used these da 
radiative transfer model to examine the effects of bubbles on ocean reflectance. y 

whitecap coverage and wind speed data was also completed. 

5. Major results and accomplishments 

We will now summarize major results and research accomplishments. These resu ‘ tS ! “ 
described in detail in five publications supported by this project, which are attached " 
report. The summary of results will be dtvided into four subject -ast» ocean coU^^Uhm: 
(see the paper by Stramska et ah, J. Ceophys. Res ., accepted, for more detatls). (it) effec 
bubble Jouds on ocean reactance (see Stramski and Tegowski. 2001), (...) ocean, c whttecaps 
(see Stramska and Petelski, J. Geophys. Res., accepted), and (tv) inverse optica mo e 
Stramska et al„ 2000; and Loisel and Stramski, 2000). 

51 that the current NASA global algorithms, OC2, OC4, and chlor- 

MODIS, generally overprediaed the chlorophyll « concentration, Chi ,n the tnv=suga« J* ers 

by a factor of about 2 at low pigment concentrations (<0.2 mg m ) an un erpre 
, y , .. . nn at 2-3 m° m' 3 ) For our data set, the best 2-band al & orithm 

Ch^invt^venhTraUo ^ranme^ensing^reflectance, ff is (442)//? rs (555), at 442 nm and 555 nm 
Ugh, wavebands. We found tha, the general trend of variation in the “ 

ratio, «„(442)/ R „(555, or K„<490 W,(S55). with CM was driven prmtartly b C»Me 

change in the green-to-blue ratio of absorption by pure seawater and particles. 

blue-to-green backseat, ering ratio was of secondary importance. We observed a character, . 
optica, differentiation of waters within the investigated region. The majority of «*»• wh c 
most likely were dominated by diatoms, exhibited a relatively htgh blue-to-green reflec 
To ^e waters a, several other stations, presumably dominated by dinoOagellates and/or 
pTmuIsiopT ytes, showed much lower reHectance ratio. Our data also show that the seerm gb 
random variations in particulate absorption and backseat, ering coefficems a, any g.ven 
significant (more than a factor of 2) in the investigated waters. 

5 2 Effects of bubble clouds on ocean reflectance 

Appoint aspect of our effort was focused on the development of —dm r of 
effects of air bubbles entrained by breaking wind waves on light backscattertng and ocean 
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remote sensing. During the cruise in 1998, our Polish colleagues made ^ 
of air bubbles in parallel to our optical measurements. In order to examine the e 
intermittent nature of bubble entrainment on remote-senstng refie" to 
radiative transfer simulations^in whichjlie a< ^^ S ^^^ S ^ r ^^ t r S e ^ 1 ot e -sensing reflectance can 

li<rht field characteristics within the bubble layer are also stgnl y 

pronounced effects seen in the profiles of “ '£££ ^nce from 

modeling results are relevant to optical measurements made tom] they have 

leaving radiance. 


5.3. Oceanic whitccaps cut-fare has increased 

=£rssss=^S=« 

the fractional foam coverage of the ocean su .. More field data 

present, there is a significant uncertainty in the whitecap correct, on a g ^ 

L "“ d£dfOT "“ 

various whitccaps in the north polar region of the Atlanttc. These 

surface for the covera D e Dy P ^ temperature and humidity, sea 

rs:- 

^ w ° — chanses m sea 
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surface temperature (2 ,0 ,3°C) and near-water air stabi.ity showed no discernible effect on 
whitecap coverage at any given wind speed within our data set. 

^dTvXdt M o models for estimating the inherent optical properhes of 

"m^^ firreUStramslta e, a,.. 2000 ). 

:; aC, I n. and backseat, ering. fc. coeffictents in the blue-green spectral regton are 

—e « jus, be, 0 w 

diffuse attenuation of downwelltng irradiance avem b ^ ned usl „ g 
mode, can be applted to remote sensing because the a be used ,0 evaluate 

are „otmeasured« 

instruments on the cruise. P J ’ f F j an( ^ k With these 

. „ . , nmt; . n mpfficients from our measurements of Ed, U, ana Ob- 

:::;r t i: h o e f rz:::: r:r m e asurem e nts of .amce we were able t0 

evaluate the potential contribution of dissolved organic matter to absorptton. 

6. Publications supported by this project 

6 1 Peer-reviewed research articles 

C v V, n Stramski B G Mitchell, and C. D. Mobley. 2000. Estimation of the 

CH' "dtlcscaneting coefficients from in-wa,er radiometrtc measurements. Urrmol. 

Oceanogr., 45, 628-641. . , _ rnnP rties of natural waters 

L oise, ,H. and D.S«ramshi, 2000. Estimaoon of them „ Raman 

from the irradiance attenuation coefficient and reflectance P 

scattering. Appl. Opt- 39, 3001-301 1. .mrainment of air bubbles by 

itt- onm Fffects of intermittent entrainment 

Stramski, D„ and J. Tegowskt, 2001. Ettects ot )06> 

breaking wind waves on ocean reflectance and tn-water Itgh. fteld. J. Geop y 

34 5 -3 1 3(i0. Hapter, S. Kaczmarek, and J. Ston. Bio-optical relationships and 

Stramska, M., D. otramsKi, . f rennhx's Res accepted. 

ocean color algorithms for the north polar region of the Allan, ,c. 7. Geophys. Res., 
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Stramska, M.. and T. Petelski. Observations of oceanic whitecaps in the north polar waters of the 
Atlantic, J. Geophys. Res., accepted. 


6.2. Conference presentations 


Stranrska, M„ D. Stramski, R. Hapter, S. Kacamarek, and , Sto, ^ 

satellite imagery of ocean color in the Arctic Seas. Presente 

s,“— 

' absorption coefficient from a filter pad technique. Presented at the ASLO Conference, 
Albuquerque New Mexico, February 2001. Abstract Book, p.135. 

Albuquerque, . 7 musHc 1999- Concurrent 

Stramski D , M. Stramska, J. Tegowski, J. Szczuc , • , , 

measurcments of time Rue, nations in the Santa 

concentration in the near-surface oceanic layer. ASLO 1999 Aquat 

Fe, New Mexico. Abstract Book, p.172. 
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